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Abstract 

Current renovations of social housing mainly focus on 

quick-win solutions due to the small budget available. 

This however may lead to higher costs over the building 

life span and are hence not the most efficient measures. 

The long term financial effects of renovations are studied 

in this paper, along with their environmental impact 

reduction. An assessment of the impact of renovation on 

tenants is moreover included. As it is not feasible for 

social housing companies to include an in-depth study for 

every renovation, the developed method will be translated 

into a tool to support them with sustainable renovation of 

their housing stock. 

Introduction 

Buildings are responsible for a large share of energy use 

and non-ETS GHG emissions 1  in Flanders (Flemish 

government 2015, 2016). They require a lot of resources, 

produce a lot of waste, and emit harmful substances 

(Eurostat, 2017). Ürge-Vorsatz et al. (2012) and Dubois 

& Allacker (2015) found that both new and existing 

buildings need to be focused on to mitigate the 

environmental impact of the building sector. Based on the 

statistics of the Flemish housing association (VMSW) 

(2016) and FOD Economy (2015), about 5% of the 

Flemish rental houses are owned by a social housing 

company. The renovation of these social houses therefore 

is assumed to have a high potential in the overall aim to 

reduce environmental impacts in Flanders and is the focus 

of this paper. 

Current renovations of social housing mainly focus on 

quick-win solutions due to the limited budget available. 

Such renovation measures may lead to higher costs over 

the total life span of the building. To spend the available 

budget more efficiently, it is important to have a long term 

renovation strategy. This research hence thrives to include 

life cycles costing (LCC) in the decision making process 

when renovating the building stock of social housing 

companies. In order to reduce the life cycle environmental 

impact of the social housing stock and meet the European 

goals (European Commission, 2010), these impacts 

should be included in the evaluation by an environmental 

life cycle assessment (E-LCA).  

                                                           
1 Non-ETS GHG emissions are emissions that are not 

part of the European Emissions Trading System. 

Finally, the potential impact of the different renovation 

strategies for the tenants is evaluated. The effect of user 

behaviour is not discussed in this paper. 

Based on a literature review on the topic of renovation 

including environmental, financial and social impacts, 

current research projects, Allacker et al. (2011), Pombo 

(2016), Risholt (2013), Solintel (2017) do not focus on 

social housing. On the other hand, research on the 

renovation of social housing focusses on financial impact, 

Agliardi et al. (2018), Guardigli et al. (2018) and the 

effect of use behavior, Santangelo (2017), Guerra-Santin 

(2017).  

As it is not feasible for social housing companies to 

include an in-depth research for every renovation case, the 

development of a tool is proposed to support them when 

renovating their housing stock. This paper presents a first 

version of the method and its testing on a case study. The 

specific application and layout of the tool will be 

developed at a later stage in close collaboration with the 

housing companies involved in the study, Molse 

Bouwmaatschappij and Zonnige Kempen. 

Development of a decision supporting tool 

The tool aims for supporting social housing companies in 

the management of their building stock. On the one hand, 

the tool should provide insight in the investment costs and 

long term financial effects of various renovation 

strategies. On the other hand the tool should support the 

process management. It is in the interest of the social 

housing companies to develop the tool in such a way that 

an accurate estimation would be possible based on limited 

data gathering. The tool is therefore being developed to 

estimate the environmental impact and life cycle cost 

based on minimal input, namely the surface and the 

composition of the elements that define building envelope 

and the technical systems.  

In a first phase of the research, the environmental and 

financial hotspots of the existing buildings are 

investigated. Based on this insight, several renovation 

strategies are defined and assessed to identify their 

environmental and financial impact reduction potential 

and the impact on the tenants. The subsequent sections 

elaborate the calculation method used. 
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Method to calculate environmental and financial life 

cycle cost 

The research division Architectural Engineering at the 

KU Leuven developed an Excel based calculation tool 

combining E-LCA and LCC for buildings, the 

“MMG+_KULeuven” tool. In this tool, the assessment of 

the environmental impact is based on the Belgian MMG 

LCA method (Allacker, 2013). First the environmental 

impact per impact category can be calculated. In line with  

the European standard (CEN, 2013) seven impact 

categories are considered, the “CEN” standards. 

Additionally, the impact categories requested in Belgian 

legislation (NBN, 2017) are considered, the “CEN+” 

standards. Furthermore the method provides an 

aggregated single-score indicator based on monetary 

valuation of the environmental impact (De Nocker, L., 

Debacker, W., 2014).  
 

Table 1: Overview central monetary  values (De Nocker, 

L., Debacker, W., 2014, table 3 and 4, p 12) 
 

Environmental indicator Unit  Monetary 

value 

(€/unit) 

C
E

N
 

Global warming  kg CO2 eqv. 0.100 

Depletion of the 

stratospheric ozone layer 

kg CFC-11 

eqv. 

49.10 

Acidification of land and 

water sources 

kg SO2 eqv. 

 

0.43 

Eutrophication kg  (PO4)3- eqv. 20 

Formation of tropospheric 

ozone photochemical 

oxidants 

kg etheen eqv. 

 

0.48 

Abiotic depletion of 

nonfossil resources 

kg Sb eqv. 

 

1.56 

Abiotic depletion of fossil 

resources  

MJ, net 

caloric value 

0 

C
E

N
+

 

Human toxicity 

a. cancer effects 

b. non-cancer effects 

 

CTUh 

CTUh 

 

665109 

144081 

Particulate matter  kg PM2,5 

eqv. 

34 

Ionising radiation, 

a. human health 

b. ecosystems 

 

kg U235 eqv. 

CTUe (per 

kBq)  

 

9.7E-04 

3.70E-05 

Ecotoxicity: freshwater  CTUe 3.70E-05 

Water scarcity  m3 water eqv. 0.067 

Land use: occupation: 

a. soil organic matter 

b. biodiversity 

- urban: loss ES 

- agricultural 

- forest: biodiversity 

 

kg C deficit 

 

m2.a 

m2.a 

m2.a 

 

2.7E-06 

 

0.30 

6.0E-03 

2.2E-04 

Land use: transformation: 

a. soil organic matter 

b. biodiversity 

- urban: 

- agricultural 

- forest, excl. tropical 

- tropical rainforest 

 

kg C deficit 

         

m2 

m2 

m2 

m2 

 

2.7E-06 

 

n.a. 

n.a. 

n.a. 

n.a. 

 

This single-score indicator is expressed in euro and 

represents the costs for society caused by the 

environmental impacts, i.e. the external environmental 

costs (Table 1). Based on this monetary valuation of each 

environmental impact category, the contribution to the 

total environmental cost can be calculated. 

For the LCC, the generic cost database ASPEN is used in 

the tool and economic parameters such as discount rate, 

growth rates and general inflation are based on statistical 

analysis. As the “MMG+_KULeuven” tool expresses 

both result for E-LCA and LCC in euro, those costs can 

be added. The total value of environmental cost and 

financial cost is the Total Life Cycle Cost (TLLC). 

As this research project focuses on social housing, some 

changes were made to the MMG+_KULeuven tool. For 

the financial cost calculation, the database in the tool was 

replaced by cost data (material and labour) from the social 

housing companies. The prices in the social housing 

sector are often lower than on the private market as they 

commonly renovate large projects at once. Maintenance 

and disposal costs are not yet taken into account as data 

collection is not yet completed. For the financial cost 

calculations the growth rate of energy prices (3%), is 

assumed to be higher than the discount rate (2%). The 

environmental costs are not discounted. The LCC analysis 

consists of the calculation of the investment cost and 

Present Value of the costs for heating the building until a 

given moment in time, here until 60 years, the estimated 

lifespan of the building. To estimate the energy use of the 

building, the equivalent degree days method is used. In a 

first step, the equivalent degree days are assumed to be a 

fixed number (1187) based on the current energy use for 

heating the building (Eandis 2011-2016). In a next step, 

the effect of insulation, orientation and user behaviour on 

the amount of equivalent degree days will be considered. 

The effect of ventilation, heat production systems, air 

tightness and thermal bridges on the energy use will be 

studied based on some case study buildings. As this data 

gathering is not completed, this effect is not included in 

the calculations at this moment. If an alternative location 

is needed for the tenants to stay during the renovation 

works, this might lead to additional costs for the social 

housing companies. This cost is not yet included in the 

cost assessment. 

As this research thrives to find a solution for renovation 

with a low environmental impact and a low financial cost, 

the renovation strategies with minimal TLCC are 

searched for.  

Assess the impact of the renovation on tenants 

Tenants are affected by a renovation both during and after 

the renovation works. Depending on the renovation 

measures, tenants might have to leave their homes during 

the renovation works. Besides a possible temporary 

relocation, the tenants experience inconveniences even 

for minor renovation works such as noise, dirt, draught,… 

Moreover, tenants might have to be at their house for the 

duration of the renovation works to let the workers in.  

Despite these inconveniences for tenants during the 

renovation, they will experience a positive impact of the 
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renovation afterwards such as lower heating costs, higher 

comfort, more accessible housing, …  

The assessment of these impacts will be further developed 

in close collaboration with the social housing companies 

involved in the research project. A first proposal for the 

topics and range of the impacts on tenants is presented in 

Table 2.  
 

Table 2: Assessment of impact on tenants 

Topic  Parameter  

Inconveniences 

during 

renovation 

1 Minor inconveniences 

2 Important inconveniences 

3 Minor inconveniences + stay at 

home 

4 Important inconveniences + stay at 

home 

5 Tenants have to move 

Duration of 

renovation 

1 Less than half day 

2 Less than 1 day 

3 Less than 1 week 

4 Between 1 and 2 weeks 

5 More than 2 weeks 

Cost of living 

after 

renovation  

1 Significantly* lower 

2 Little* less 

3 Similar to before renovation 

4 Little* higher 

5 Significantly* higher 

Accessibility 

after 

renovation 

1 Problems in existing building not 

solved 

2 No problems in existing building, 

but no adaptation during renovation 

3 Made accessible for guests 

4 Adapted to aged or disabled persons 

5 Future flexible adaptation made 

possible 

* To be defined based on results of case studies. 

Results for first case study building 

Assessment of the existing building 

The first case study building is a terraced family house of 

one floor with two bedrooms for three people. The 

building originates from 1971. The roof and windows are 

renovated respectively in 1988 and 2006. On the roof 5 

cm of mineral wool insulation was added and the 

windows were replaced (double glazing and aluminium 

window frames with thermal interruption). Despite these 

renovations, the EPC score (standardised energy use per 

m² and per year) of the house is still high: 300-400 

kWh/(m²*y). Currently no ventilation system is installed 

besides an exhaust unit in the bathroom. The current heat 

production system is a condensing gas boiler. The surface 

and composition of the building elements is presented in 

Table 3 and Table 4.  
 

Table 3: Surface of building elements 
 

Element Surface (m²) 

Floor 76,18 

External wall 70,41 

Flat roof 76,18 

Windows 20 

Table 4: Composition of building elements 
 

Element Construction 

Floor on 

grade 

- Concrete slab 

- Support layer for cement based screed 

- Tiles 

External 

walls 

- Loadbearing brickwork 

- Ventilated air cavity 

- Brick veneer 

Flat roof - Roof cover: bitumen 

- Insulation: Mineral Wool 

- Vapour barrier: bitumen 

- Sloping layer: light-weight concrete 

- Concrete roof slab 

- Plasterwork 

 

 
Figure 1: Plan of the case study building 

 

Firstly the current status of the existing building is 

assessed. Therefore the  life cycle stages that are 

responsible for the most important environmental and 

financial cost are searched for. Figure 2 shows the relative 

contribution per impact category. The operational energy 

use (B6) is responsible for an important share of the 

environmental cost in all impact categories. For impact 

categories Eutrophication, Human toxicity – non cancer 

and Water scarcity the  environmental cost the operational 

water use (B7) is important. For impact categories Abiotic 

depletion of non-fossil resources, Particulate matter, Land 

use: occupation soil organic matter and Land use: 

occupation, biodiversity, the environmental cost of the 

production of the materials (A1-A3) is significant as well.   
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Figure 2: Environmental cost per impact category for 

each life cycle stage 
 

Secondly the life cycle stages that contribute most are 

defined based on the relative contribution of the life cycle 

phases to the total impact cost. In Figure 3 the 

environmental cost per life cycle is presented. The 

contribution of the operational energy use (B6) is the most 

important.  
 

 
Figure 3: Environmental cost per life cycle stage 

 

Looking at financial cost (Figure 4), the operational 

energy use (B6) is again the life cycle stage with the 

highest impact. Besides the energy use, the cost for 

production and installation of the materials (A1-A5) is 

important. Finally the costs for cleaning (B2.1) appears as 

an important financial cost. 
 

 

Figure 4: Financial cost per life cycle stage 
 

Based on the insights of the environmental and financial 

assessment, the main focus is on energy renovation for 

this case study building.  As this requires changing and/or 

adding materials, the investment cost, maintenance cost 

and environmental cost of these materials should be 

considered in the decision making process on the 

renovation scenario.  

Assessment of renovation strategies 

As specific cost data for the sector of social housing is 

limited today, a specific set of renovation scenarios is 

studied for this case study. In Table 5 an overview of the 

insulation thicknesses per building element is presented. 

In this case study all insulation is assumed to be mineral 

wool. For the external wall, additional external finishing 

for weather protection is included starting from 12 cm 

insulation. In order to keep the existing floor level and 

avoid changes to door heights, stairs,… some additional 

processes are foreseen in case of floor insulation. For 5 

cm insulation, the existing screed and finishing are 

replaced. Additionally, in case of 10 or 20 cm, demolition, 

excavation and replacement of the existing floor slab is 

included. All roof insulation is assumed to be on top of 

the existing finishing and an additional finishing to 

protect the new insulation is included.  
 

Table 5: Overview of renovation scenarios 

 Floor Wall Roof Window 

R
an

g
e 

th
ic

k
n

es
s 

in
su

la
ti

o
n

 f
lo

o
r,

 w
al

l 

an
d

 r
o
o

f 
(m

) 
an

d
 U

 

v
al

u
e 

w
in

d
o

w
 

(W
/m

²K
) 

0,05 0,06 0,06 2,5 

0,1 0,13 0,08 1,5 

0,2 0,145 0,1 0,9 

 0,15 0,12  

 0,16 0,22  

 0,18   

 0,24   
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In Figure 5 the environmental cost, financial cost and 

total life cycle cost for the considered renovation 

scenarios based on combinations of the ranges of 

insulation thickness for each element are presented. The 

renovation scenarios with the lowest environmental, 

financial and total life cycle cost are respectively 

indicated by arrows on the graph. It is clear that there is 

no optimal scenario combining minimal environmental 

impact and low life cycle costs. 

The scenario with the minimal environmental impact for 

this case study is to change the windows to triple glazed 

aluminium window frames with thermal interruption, 

change the existing floor by a new floor with 20 cm 

insulation, insulate the roof with 22 cm insulation and  

insulate the cavity wall with 18 cm additional external 

insulation and new external finishing to protect the 

insulation. For this case study the external finishing is 

modelled as a wooden substructure, water and wind 

barrier foil and façade tiles. As the environmental impact 

of the heating has the highest contribution to the 

environmental cost, it is important to reduce the energy 

use to a minimum amount. However, the financial costs 

for this scenario are higher due to the high amount of 

materials and the extra technical works as changing the 

floor and adding additional external finishing. Therefore 

the TLLC for this scenario is increasing.  

The scenario with the lowest financial cost is keeping the 

existing windows, remove the existing floor finishing and 

screed and replace with 5 cm insulation and dry floor 

finishing, insulate the roof with 22 cm insulation and fill 

the cavity with 6 cm insulation. The level of insulation is 

in this scenario sufficient to lower the costs for heating. 

As the financial cost is contributing the most to the TLLC, 

the scenario with the lowest financial cost is the scenario 

with the lowest TLCC.   

For comparison the scenario complying with policy 

regulations set by the Flemish Energy Agency (2017) is 

indicated on Figure 5. For this case study the 

implementation of policy regulations would lead to a 

higher TLCC.  
 

 
Figure 5: Overview of environmental, financial and total 

life cycle cost for selected renovation scenarios 
 

Assessment of impact on tenants 

The impact, based on the grading points described above, 

on the tenant for the renovation scenario with the lowest 

TLCC for this case study building is presented in Figure 

6.  
 

 
Figure 6: Impact on tenants for renovation scenario with 

lowest TLCC for case study building 
 

Since the existing floor finishing and screed have to be 

removed to install new insulation, the tenants have to 

move during the renovation works. Insulation of the 

cavity can be done from the outside of the house and 

therefore tenants should not be present during the 

renovation. The estimated duration for the renovation 

works is between one and two weeks according to 

experience in social housing renovation. After the 

renovation the cost of living will decrease due to the 

decrease of the costs for heating. As this renovation only 

focusses on energy reduction, no changes to the layout of 

the building are foreseen.  

Discussion on preliminary results 

At this stage of the research some simplifications were 

needed due to limited data availability for the specific 

context of social housing.  

Further research is planned to include cost data on a wider 

range of materials including installation, maintenance and 

disposal costs. Based on the existing case study buildings 

the method to estimate the energy use will be refined 

including the impact of thermal bridges, air tightness, 

ventilation, orientation and user behavior. In order to 

support the social housing companies managing their 

building stock, the method should be elaborated to assess 

changes in technical equipment and to the internal layout 

of the building. As mentioned some renovation scenarios 

require a temporary relocation of the tenants. The 

financial effects for the social housing companies should 

be studied more in detail.  

 

As this first case study is a poorly insulated terraced 

house, extrapolation of the results should be considered 

with caution. Other case studies should give more insight 

in the results for better insulated houses, semi-detached 

houses and apartment buildings. 
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Conclusion 

The paper described the method proposed to assess the 

life cycle environmental impact (e-LCA) and financial 

cost (LCC) of renovation measures for housing, including 

the evaluation of the impact to tenants. Furthermore, the 

paper illustrated the potential insights that can be gained 

by applying the method in order to compare various 

renovation strategies of a terraced house. 

 

The method is based on an existing tool developed by the 

research division of architectural engineering at KU 

Leuven, i.e. the “MMG+_KULeuven” tool. Various 

adaptations are needed to this tool in order to use it for the 

specific context of social housing. Although some first 

adaptations were made, many more are needed in the 

further research. More data on material and labour costs, 

maintenance and disposal of materials specific for the 

sector have to be gathered. Besides the cost data the effect 

of insulation, orientation and user behaviour on the 

amount of equivalent degree days and the effect of 

ventilation, air tightness and thermal bridges on the 

energy use will be taken into account to estimate the 

energy use more precisely. 

 

Based on the calculations for environmental cost and life 

cycle cost and the assessment of the impact on tenants it 

was not possible to find one single solution that is optimal 

for all parameters for the renovation of the case study. 

Therefore it is still up to individual social housing 

companies to decide which renovation scenario they 

prefer. A common definition of sustainable renovation for 

social housing would further support the decision making 

process. 

 

The case study application moreover proved that the 

renovation scenario which is compliant with current 

policy leads to rather high total life cycle costs for this 

specific case study. The developed tool can not only 

support the decision making process for the companies 

involved in the research project, but furthermore support 

the overall policy for sustainable renovation (in social 

housing). 
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